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Clarifying the factors that control the contact angle of a liquid on a solid substrate is a long-
standing scientific problem pertinent across physics, chemistry and materials science. Progress has
been hampered by the lack of a comprehensive and unified understanding of the physics of wetting
and drying phase transitions. Using various theoretical and simulational techniques applied to
realistic fluid models, we elucidate how the character of these transitions depends sensitively on
both the range of fluid-fluid and substrate-fluid interactions and the temperature. Our calculations
uncover previously unrecognised classes of surface phase diagram which differ from that established
for simple lattice models and often assumed to be universal. The differences relate both to the
topology of the phase diagram and to the nature of the transitions, with a remarkable feature being
a difference between drying and wetting transitions which persists even in the approach to the
bulk critical point. Most experimental and simulational studies of liquids at a substrate belong to
one of these previously unrecognised classes. We predict that while there appears to be nothing
particularly special about water with regard to its wetting and drying behavior, superhydrophobic
behavior should be more readily observable in experiments conducted at high temperatures than at
room temperature.
The ability to control the behavior of a liquid in con-
tact with a solid substrate is crucial for the functional
properties of a host of physical and biological systems
[1]. For instance plant leaves need to remain dry during
rain in order to allow gas exchange through their pores
whereas liquids such as paints, inks and lubricants are
required to spread out to coat surfaces. The key quan-
tity characterising the range of different possible behav-
ior is the contact angle θ that a liquid drop makes with a
solid substrate. A hydrophobic (or more generally, solvo-
phobic) substrate yields a large contact angle and when
90◦ < θ < 180◦ one refers to the system as partially dry
(see Fig. 1). Substrates for which θ is close to the limit of
complete drying, θ → 180◦, are termed superhydrophobic
and are of interest for many important potential applica-
tions involving liquid-repellant materials [2]. Occupying
the opposite extreme are hydrophilic (or solvophilic) sur-
faces for which θ is small. The regime 0◦ < θ < 90◦ is
referred to as partially wet (Fig. 1), with complete wet-
ting occurring when θ → 0◦.
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FIG. 1: Schematic representation of a liquid drop on a solid
substrate (or ‘wall’). The contact angle can take a range
of values 0◦ ≤ θ ≤ 180◦ depending on the combinations of
interfacial tensions that feature in Young’s equation.
Young’s equation γlv cos(θ) = γwv − γwl provides the
macroscopic (thermodynamic) basis for the contact an-
gle: θ is determined by three interfacial tensions (surface
excess free energies) between the substrate (or wall, w),
liquid (l) and vapor (v). Intuitively, the physical fac-
tors that control cos(θ) seem clear. The primary role is
played by the strength of the substrate-fluid interaction:
strengthening the attraction decreases θ and promotes
wetting, while weakening the attraction increases θ and
thus promotes drying.
The phenomenology associated with wetting and dry-
ing is most profitably characterised in terms of the
physics of surface phase transitions. The current under-
standing of these transitions derives largely from exten-
sive simulation studies on simple lattice-gas models of
fluids which possess the special ‘particle-hole’ symmetry
of the Ising model e.g. [3–5]. It is commonly, albeit
tacitly, assumed that the resultant picture of phase be-
havior (having its origins in a seminal paper by Nakan-
ishi and Fisher [6]) is generic and therefore should ap-
ply to real fluids. At first sight this is not unreasonable
given the close similarity between the bulk phase behav-
ior of fluids and Ising magnets, as well as the universal-
ity linking their bulk critical behavior [7]. However, as
has recently become apparent, the lack of particle-hole
symmetry in realistic (i.e. off-lattice) fluid models engen-
ders important qualitative differences in surface phase
behavior compared to their lattice-based counterparts.
Most pertinent is the distinction in the essential charac-
ter of wetting and drying transitions. In lattice models
with particle-hole symmetry, wetting and drying are for-
mally equivalent. By contrast, simulation studies of the
wetting transition, where cos(θ) → 1, in realistic fluid
models such as Lennard-Jonesium or SPC/E water [8, 9]
find this to be a strongly first order surface phase tran-
sition, while simulations of the same models reveal dry-
ing (cos(θ) → −1) to be a critical (continuous) transi-
tion with accompanying divergent length scales [10–12].
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2Ref. [12] provides a brief review of simulations of drying.
Accordingly, the physics of drying in realistic fluids (and,
by extension, the phenomenon of superhydrophobicity) is
far richer than that of wetting, a fact illustrated by the
simulation snapshot and movie described in the SI which
display the large-length-scale fractal-like configurations
of ‘bubbles’ of incipient vapor phase that develop for a
Lennard-Jones liquid close to complete drying.
A key feature of surface phase diagrams is their ex-
treme sensitivity to the range of the relevant interactions.
Such dependence contrasts starkly with the situation for
bulk fluids where irrespective of whether inter-atomic po-
tentials are truncated beyond some cutoff radius (as in
simulation studies), or retain true long-ranged power-law
decay (characteristic of dispersion/van der Waals forces),
principal features such as the phase diagram topology
and critical point behavior (including critical exponents)
are universal. Aspects of the importance of interaction
range for surface phase behavior have been recognised
previously, notably in the context of how the nature
of wetting in lattice models is influenced by the range
of wall-particle forces [13, 14]. Several other studies
e.g. [15, 16] have considered long-range forces. However,
to date there has been no wider elucidation for realistic
fluid models of how the choice of interaction ranges for
both wall-fluid (wf ) and fluid-fluid (ff ) forces determines
the overall form of surface phase diagrams. Here we pro-
vide the requisite theoretical framework. We investigate
a simple model system that captures all the features of
real fluids and which allows us to address fundamental
questions concerning how fluids wet or dry at substrates
across the whole range of bulk liquid-vapor coexistence,
i.e. from near the triple point to the bulk critical point at
temperature Tc. The model (see Eqs. 1,2 below) enables
us to treat short-ranged (SR) interactions, for which the
wf or ff potential is truncated, and long-ranged (LR) in-
teractions, for which the full power-law tail is retained,
thereby incorporating the correct non-retarded disper-
sion/van der Waals forces.
The imperative for establishing such a framework
is clear: in computer simulation studies of liquids,
dispersion/power-law interactions are typically truncated
on grounds of computational tractability, prompting the
question as to how this limitation affects the resultant
surface phase behavior and what other scenarios can
emerge. The same question is of relevance in experi-
ments. Increasingly, experimentalists have the ability to
control substrate-liquid interaction [1] eg. by tailoring
the choice of substrate material [17], the surface structure
[2, 18], substrate flexibility [19], or by functionalizing the
substrate surface with special coatings [20]. Soft matter
systems provide particularly rich possibilities for control-
ling the form of interactions, eg. by tuning the refractive
index difference between colloidal particles and a solvent
to modify or eliminate the dispersion tail [21]; or by ex-
ploiting the depletion mechanism to induce intrinsically
short ranged colloidal interactions [22]. For electrolytic
liquids, the substrate-liquid interactions are tunable by
means of an applied potential difference [23].
Our approach harnesses sophisticated classical density
functional theory (DFT) methods and phenomenologi-
cal binding potential calculations, supported by state-of-
the-art Monte Carlo (MC) simulation. We focus on the
phase behavior in the plane of wf attractive strength,
measured by the dimensionless parameter w, and tem-
perature. Depending on whether or not the ff and wf po-
tentials are SR or LR, we find four distinct classes of
phase diagram which differ greatly in character and even
in topology. These are displayed in Fig. 2. Case c) SR
ff and SR wf corresponds closely to the class, identified
as pertinent to fluids by Nakanishi and Fisher [6], and
studied in detail in simulations of Ising models [3–5] sub-
ject to a SR surface magnetic field. Such studies deter-
mine lines of critical drying and critical wetting merging
at Tc and vanishing surface field. However, case c) differs
greatly from the previously unrecognized phase behavior
shown for the other three classes in Fig. 2. In case a)
relevant for simulation and in case b), the one most rele-
vant to experiment, we find critical drying and first order
wetting lines that do not merge at Tc; there is a ‘gap’.
Case d) has no true wetting transition. In the sections
below we explain the genesis of these surface phase dia-
grams. Our findings challenge some of the conventional
‘wisdom’ regarding wetting and drying and should have
broad relevance to future theoretical, experimental and
simulational studies of superhydrophobic and hydrophilic
surfaces.
Choice of Model Potentials
The simplest model system that incorporates all the
key physical ingredients that we wish to investigate, is a
Lennard-Jones (LJ) 12-6 fluid with particle diameter σ
adsorbed at a substrate/wall described by a planar 9-3
wf potential. As is well-known, the latter is generated
by integrating LJ wall particle-fluid particle pair interac-
tions, with diameter σw over a uniform half-space so that
the resulting wf potential depends only on z, the coor-
dinate normal to the wall. Specifically, the ff potential
used in our present DFT and MC simulation studies is
φff (r) =
{
4
[(
σ
r
)12 − (σr )6] , r ≤ rc ,
0, r > rc,
(1)
and we consider different values of the cut-off rc. Setting
rc =∞, defines our LR ff potential. The SR case usually
corresponds to truncating (and leaving unshifted) φff (r)
at rc = 2.5σ. We note that changing rc affects the bulk
phase diagram, altering the liquid-vapor coexistence and
the location of the critical point.
The planar LR wf potential is:
WLR(z) =
{∞, z ≤ 0
w
[
2
15
(
σ
z
)9 − (σz )3] , z > 0 , (2)
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<latexit sha1_base64 ="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6H icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+ gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXP Q1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/OD wqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHAT jC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lb dBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jyn AmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGy JQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6 T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2Jgqy ozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw 4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q +czx+vqYzY</latexit><latexit sha1_base64 ="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6H icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+ gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXP Q1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/OD wqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHAT jC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lb dBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jyn AmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGy JQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6 T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2Jgqy ozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw 4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q +czx+vqYzY</latexit><latexit sha1_base64 ="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6H icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+ gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXP Q1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/OD wqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHAT jC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lb dBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jyn AmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGy JQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6 T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2Jgqy ozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw 4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q +czx+vqYzY</latexit><latexit sha1_base64 ="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6H icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+ gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXP Q1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/OD wqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHAT jC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lb dBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jyn AmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGy JQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6 T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2Jgqy ozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw 4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q +czx+vqYzY</latexit>
Tc
<latexit sha1_base64="wJhvb9 uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LB bBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ 1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h 1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem wM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1 UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGet Wbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZ semUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3 iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9 uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LB bBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ 1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h 1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem wM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1 UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGet Wbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZ semUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3 iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9 uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LB bBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ 1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h 1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem wM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1 UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGet Wbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZ semUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3 iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9 uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LB bBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ 1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h 1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem wM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1 UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGet Wbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZ semUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3 iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit>
SR ff, LR wf
<latexit sha1_base64="1X3poirLxeJVn44hA NEc3ZhUu/I=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCpBCBgrsTAwlEIfUhtVjuu0Vp2H7Bug itKNhV9hYQAhVj6Bjb/BbTNAy5EsHZ9zj+x73EhwBZb1bczNLywuLedW8qtr6xub5tZ2TYWxpKxKQ xHKhksUEzxgVeAgWCOSjPiuYHW3fzHy63dMKh4GtzCImOOTbsA9TgloqW3u3VSGSQvYg85iz0uPhl eVYXZP7r20bRasojUGniV2RgooQ7ltfrU6IY19FgAVRKmmbUXgJEQCp4Kl+VasWERon3RZU9OA+Ew5 yXiRFB9opYO9UOoTAB6rvxMJ8ZUa+K6e9An01LQ3Ev/zmjF4507CgygGFtDJQ14sMIR41ArucMkoi IEmhEqu/4ppj0hCQXeX1yXY0yvPktpx0baK9vVJoXSa1ZFDu2gfHSIbnaESukRlVEUUPaJn9IrejC fjxXg3Piajc0aW2UF/YHz+ANXkmnM=</latexit><latexit sha1_base64="1X3poirLxeJVn44hA NEc3ZhUu/I=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCpBCBgrsTAwlEIfUhtVjuu0Vp2H7Bug itKNhV9hYQAhVj6Bjb/BbTNAy5EsHZ9zj+x73EhwBZb1bczNLywuLedW8qtr6xub5tZ2TYWxpKxKQ xHKhksUEzxgVeAgWCOSjPiuYHW3fzHy63dMKh4GtzCImOOTbsA9TgloqW3u3VSGSQvYg85iz0uPhl eVYXZP7r20bRasojUGniV2RgooQ7ltfrU6IY19FgAVRKmmbUXgJEQCp4Kl+VasWERon3RZU9OA+Ew5 yXiRFB9opYO9UOoTAB6rvxMJ8ZUa+K6e9An01LQ3Ev/zmjF4507CgygGFtDJQ14sMIR41ArucMkoi IEmhEqu/4ppj0hCQXeX1yXY0yvPktpx0baK9vVJoXSa1ZFDu2gfHSIbnaESukRlVEUUPaJn9IrejC fjxXg3Piajc0aW2UF/YHz+ANXkmnM=</latexit><latexit sha1_base64="1X3poirLxeJVn44hA NEc3ZhUu/I=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCpBCBgrsTAwlEIfUhtVjuu0Vp2H7Bug itKNhV9hYQAhVj6Bjb/BbTNAy5EsHZ9zj+x73EhwBZb1bczNLywuLedW8qtr6xub5tZ2TYWxpKxKQ xHKhksUEzxgVeAgWCOSjPiuYHW3fzHy63dMKh4GtzCImOOTbsA9TgloqW3u3VSGSQvYg85iz0uPhl eVYXZP7r20bRasojUGniV2RgooQ7ltfrU6IY19FgAVRKmmbUXgJEQCp4Kl+VasWERon3RZU9OA+Ew5 yXiRFB9opYO9UOoTAB6rvxMJ8ZUa+K6e9An01LQ3Ev/zmjF4507CgygGFtDJQ14sMIR41ArucMkoi IEmhEqu/4ppj0hCQXeX1yXY0yvPktpx0baK9vVJoXSa1ZFDu2gfHSIbnaESukRlVEUUPaJn9IrejC fjxXg3Piajc0aW2UF/YHz+ANXkmnM=</latexit><latexit sha1_base64="1X3poirLxeJVn44hA NEc3ZhUu/I=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCpBCBgrsTAwlEIfUhtVjuu0Vp2H7Bug itKNhV9hYQAhVj6Bjb/BbTNAy5EsHZ9zj+x73EhwBZb1bczNLywuLedW8qtr6xub5tZ2TYWxpKxKQ xHKhksUEzxgVeAgWCOSjPiuYHW3fzHy63dMKh4GtzCImOOTbsA9TgloqW3u3VSGSQvYg85iz0uPhl eVYXZP7r20bRasojUGniV2RgooQ7ltfrU6IY19FgAVRKmmbUXgJEQCp4Kl+VasWERon3RZU9OA+Ew5 yXiRFB9opYO9UOoTAB6rvxMJ8ZUa+K6e9An01LQ3Ev/zmjF4507CgygGFtDJQ14sMIR41ArucMkoi IEmhEqu/4ppj0hCQXeX1yXY0yvPktpx0baK9vVJoXSa1ZFDu2gfHSIbnaESukRlVEUUPaJn9IrejC fjxXg3Piajc0aW2UF/YHz+ANXkmnM=</latexit>
(a)
<latexit sha1_base64="MhJP HE+y5oBUmVC8Ci5No2jimV4=">AAAB6nicbVDLSgNBEOyNrxhf UY9eBoMQL2E3BvQY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiF e/yJt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6Pi scnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+d++wmV5rF 8NJME/YgOJQ85o8ZKD2V62S+W3Iq7AFknXkZKkKHRL371BjFLI 5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGV AwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrzxp1wmqUHJlo vCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5a1Yp3 Vane10r1WhZHHs7gHMrgwTXU4Q4a0AQGQ3iGV3hzhPPivDsfy9 ack82cwh84nz+Fw41A</latexit>
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critical drying
(cos(✓) =  1)
<latexit sha1_base64="hVE5fKjs/Rpr9raZSB+k9KD8OSI=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAhJYdgVQRshaGMZwTwgG8LsZJIMmZldZu4KYYmfYOOv2FgoYmtn5984SbbQ xAMXDufcy+GeMBbcgOd9O0vLK6tr67mN/ObW9s6uu7dfN1GiKavRSES6GRLDBFesBhwEa8aaERkK1giH1xO/cc+04ZG6g1HM2pL0Fe9xSsBKHbeYBlpiqjlYSTx09Yir/jgIigGNTDGAAQNSujzxSx234JW9KfAi8TNSQBmqHfcr6EY0kUwBFcSYlu/F0E6JtkmCjfNBYlhM6JD0WctSRSQz7XT60RgfW6WLe5G2owBP1d8XKZHGjGRoNyWBgZn3JuJ/XiuB3kU75SpOgCk6C+ol AkOEJ/XgLteMghhZQmatYDogmlCwJeZtCf78y4ukflr2vbJ/e1aoXGV15NAhOkJF5KNzVEE3qIpqiKJH9Ixe0Zvz5Lw4787HbHXJyW4O0B84nz/I/5zs</latexit><latexit sha1_base64="hVE5fKjs/Rpr9raZSB+k9KD8OSI=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAhJYdgVQRshaGMZwTwgG8LsZJIMmZldZu4KYYmfYOOv2FgoYmtn5984SbbQ xAMXDufcy+GeMBbcgOd9O0vLK6tr67mN/ObW9s6uu7dfN1GiKavRSES6GRLDBFesBhwEa8aaERkK1giH1xO/cc+04ZG6g1HM2pL0Fe9xSsBKHbeYBlpiqjlYSTx09Yir/jgIigGNTDGAAQNSujzxSx234JW9KfAi8TNSQBmqHfcr6EY0kUwBFcSYlu/F0E6JtkmCjfNBYlhM6JD0WctSRSQz7XT60RgfW6WLe5G2owBP1d8XKZHGjGRoNyWBgZn3JuJ/XiuB3kU75SpOgCk6C+ol AkOEJ/XgLteMghhZQmatYDogmlCwJeZtCf78y4ukflr2vbJ/e1aoXGV15NAhOkJF5KNzVEE3qIpqiKJH9Ixe0Zvz5Lw4787HbHXJyW4O0B84nz/I/5zs</latexit><latexit sha1_base64="hVE5fKjs/Rpr9raZSB+k9KD8OSI=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAhJYdgVQRshaGMZwTwgG8LsZJIMmZldZu4KYYmfYOOv2FgoYmtn5984SbbQ xAMXDufcy+GeMBbcgOd9O0vLK6tr67mN/ObW9s6uu7dfN1GiKavRSES6GRLDBFesBhwEa8aaERkK1giH1xO/cc+04ZG6g1HM2pL0Fe9xSsBKHbeYBlpiqjlYSTx09Yir/jgIigGNTDGAAQNSujzxSx234JW9KfAi8TNSQBmqHfcr6EY0kUwBFcSYlu/F0E6JtkmCjfNBYlhM6JD0WctSRSQz7XT60RgfW6WLe5G2owBP1d8XKZHGjGRoNyWBgZn3JuJ/XiuB3kU75SpOgCk6C+ol AkOEJ/XgLteMghhZQmatYDogmlCwJeZtCf78y4ukflr2vbJ/e1aoXGV15NAhOkJF5KNzVEE3qIpqiKJH9Ixe0Zvz5Lw4787HbHXJyW4O0B84nz/I/5zs</latexit><latexit sha1_base64="hVE5fKjs/Rpr9raZSB+k9KD8OSI=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAhJYdgVQRshaGMZwTwgG8LsZJIMmZldZu4KYYmfYOOv2FgoYmtn5984SbbQ xAMXDufcy+GeMBbcgOd9O0vLK6tr67mN/ObW9s6uu7dfN1GiKavRSES6GRLDBFesBhwEa8aaERkK1giH1xO/cc+04ZG6g1HM2pL0Fe9xSsBKHbeYBlpiqjlYSTx09Yir/jgIigGNTDGAAQNSujzxSx234JW9KfAi8TNSQBmqHfcr6EY0kUwBFcSYlu/F0E6JtkmCjfNBYlhM6JD0WctSRSQz7XT60RgfW6WLe5G2owBP1d8XKZHGjGRoNyWBgZn3JuJ/XiuB3kU75SpOgCk6C+ol AkOEJ/XgLteMghhZQmatYDogmlCwJeZtCf78y4ukflr2vbJ/e1aoXGV15NAhOkJF5KNzVEE3qIpqiKJH9Ixe0Zvz5Lw4787HbHXJyW4O0B84nz/I/5zs</latexit>
first order wetting
(cos(✓) = 1)
<latexit sha1_base64="je8FB/JWpGWsrREXJONoeiIKN7c=">AAACFHicbVA9SwNBEN3z2/gVtbRZDEJECHciaCOINpYKxgRyIext5pLFvd1jd04JR/wPNv4VGwtFbC3s/ DduYgpNfDDweG+GmXlRKoVF3//ypqZnZufmFxYLS8srq2vF9Y1rqzPDocq11KYeMQtSKKiiQAn11ABLIgm16OZs4NduwVih1RX2UmgmrKNELDhDJ7WKe3loEhoLY/FemzaY+ztAFKrTD8NyyLUth9gFZLvHwW6rWPIr/hB0kgQjUiIjXLSKn2Fb8ywBhVwyaxuBn2IzZwYFl9AvhJmFlPEb1oGGo4olYJv58Kk+3XFKm8bauFJIh+rviZwl1vaSyHUmDLt23Bu I/3mNDOOjZi5UmiEo/rMoziRFTQcJ0bYwwFH2HGHcCHcr5V1mGEeXY8GFEIy/PEmu9yuBXwkuD0onp6M4FsgW2SZlEpBDckLOyQWpEk4eyBN5Ia/eo/fsvXnvP61T3mhmk/yB9/ENGoCeyQ==</latexit><latexit sha1_base64="je8FB/JWpGWsrREXJONoeiIKN7c=">AAACFHicbVA9SwNBEN3z2/gVtbRZDEJECHciaCOINpYKxgRyIext5pLFvd1jd04JR/wPNv4VGwtFbC3s/ DduYgpNfDDweG+GmXlRKoVF3//ypqZnZufmFxYLS8srq2vF9Y1rqzPDocq11KYeMQtSKKiiQAn11ABLIgm16OZs4NduwVih1RX2UmgmrKNELDhDJ7WKe3loEhoLY/FemzaY+ztAFKrTD8NyyLUth9gFZLvHwW6rWPIr/hB0kgQjUiIjXLSKn2Fb8ywBhVwyaxuBn2IzZwYFl9AvhJmFlPEb1oGGo4olYJv58Kk+3XFKm8bauFJIh+rviZwl1vaSyHUmDLt23Bu I/3mNDOOjZi5UmiEo/rMoziRFTQcJ0bYwwFH2HGHcCHcr5V1mGEeXY8GFEIy/PEmu9yuBXwkuD0onp6M4FsgW2SZlEpBDckLOyQWpEk4eyBN5Ia/eo/fsvXnvP61T3mhmk/yB9/ENGoCeyQ==</latexit><latexit sha1_base64="je8FB/JWpGWsrREXJONoeiIKN7c=">AAACFHicbVA9SwNBEN3z2/gVtbRZDEJECHciaCOINpYKxgRyIext5pLFvd1jd04JR/wPNv4VGwtFbC3s/ DduYgpNfDDweG+GmXlRKoVF3//ypqZnZufmFxYLS8srq2vF9Y1rqzPDocq11KYeMQtSKKiiQAn11ABLIgm16OZs4NduwVih1RX2UmgmrKNELDhDJ7WKe3loEhoLY/FemzaY+ztAFKrTD8NyyLUth9gFZLvHwW6rWPIr/hB0kgQjUiIjXLSKn2Fb8ywBhVwyaxuBn2IzZwYFl9AvhJmFlPEb1oGGo4olYJv58Kk+3XFKm8bauFJIh+rviZwl1vaSyHUmDLt23Bu I/3mNDOOjZi5UmiEo/rMoziRFTQcJ0bYwwFH2HGHcCHcr5V1mGEeXY8GFEIy/PEmu9yuBXwkuD0onp6M4FsgW2SZlEpBDckLOyQWpEk4eyBN5Ia/eo/fsvXnvP61T3mhmk/yB9/ENGoCeyQ==</latexit><latexit sha1_base64="je8FB/JWpGWsrREXJONoeiIKN7c=">AAACFHicbVA9SwNBEN3z2/gVtbRZDEJECHciaCOINpYKxgRyIext5pLFvd1jd04JR/wPNv4VGwtFbC3s/ DduYgpNfDDweG+GmXlRKoVF3//ypqZnZufmFxYLS8srq2vF9Y1rqzPDocq11KYeMQtSKKiiQAn11ABLIgm16OZs4NduwVih1RX2UmgmrKNELDhDJ7WKe3loEhoLY/FemzaY+ztAFKrTD8NyyLUth9gFZLvHwW6rWPIr/hB0kgQjUiIjXLSKn2Fb8ywBhVwyaxuBn2IzZwYFl9AvhJmFlPEb1oGGo4olYJv58Kk+3XFKm8bauFJIh+rviZwl1vaSyHUmDLt23Bu I/3mNDOOjZi5UmiEo/rMoziRFTQcJ0bYwwFH2HGHcCHcr5V1mGEeXY8GFEIy/PEmu9yuBXwkuD0onp6M4FsgW2SZlEpBDckLOyQWpEk4eyBN5Ia/eo/fsvXnvP61T3mhmk/yB9/ENGoCeyQ==</latexit>
✏w
<latexit sha1_base64="Ms4pTEuySDznA3buw7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS1t FoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNCyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3ETUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGCe1LHn NGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCuSod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSxikzfJz2u kVkxcoQyzd2thA2opsy6kEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRCg==</latexit><latexit sha1_base64="Ms4pTEuySDznA3buw7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS1t FoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNCyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3ETUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGCe1LHn NGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCuSod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSxikzfJz2u kVkxcoQyzd2thA2opsy6kEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRCg==</latexit><latexit sha1_base64="Ms4pTEuySDznA3buw7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS1t FoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNCyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3ETUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGCe1LHn NGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCuSod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSxikzfJz2u kVkxcoQyzd2thA2opsy6kEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRCg==</latexit><latexit sha1_base64="Ms4pTEuySDznA3buw7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS1t FoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNCyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3ETUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGCe1LHn NGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCuSod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSxikzfJz2u kVkxcoQyzd2thA2opsy6kEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRCg==</latexit>
T
<latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69 LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHn JGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT 3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69 LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHn JGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT 3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69 LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHn JGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT 3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69 LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHn JGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT 3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit>
Tc
<latexit sha1_base64="wJhvb9uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262YTd jVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv 190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262YTd jVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv 190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262YTd jVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv 190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262YTd jVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv 190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit>
LR ff, LR wf
<latexit sha1_base64="EI5JiB41EdzbXvGjlJELU9x/QXQ=">AAACCHicbVC7TsMwFHV4lvIKMDJg USExoCpBCBgrsTAwFEQfUltVjuu0Vh0nsm+AKko3Fn6FhQGEWPkENv4Gt80ALUeydHzOPbLv8SLBNTjOtzU3v7C4tJxbya+urW9s2lvbVR3GirIKDUWo6h7RTHDJKsBBsHqkGAk8wWpe/2Lk1+6Y0jyUtzCIWC sgXcl9TgkYqW3vXd0MkyawB5PFvp8eDY2Q3ZN7P23bBafojIFniZuRAspQbttfzU5I44BJoIJo3XCdCFoJUcCpYGm+GWsWEdonXdYwVJKA6VYyXiTFB0bpYD9U5kjAY/V3IiGB1oPAM5MBgZ6e9kbif14jBv+8 lXAZxcAknTzkxwJDiEet4A5XjIIYGEKo4uavmPaIIhRMd3lTgju98iypHhddp+henxRKp1kdObSL9tEhctEZKqFLVEYVRNEjekav6M16sl6sd+tjMjpnZZkd9AfW5w/Kdpps</latexit><latexit sha1_base64="EI5JiB41EdzbXvGjlJELU9x/QXQ=">AAACCHicbVC7TsMwFHV4lvIKMDJg USExoCpBCBgrsTAwFEQfUltVjuu0Vh0nsm+AKko3Fn6FhQGEWPkENv4Gt80ALUeydHzOPbLv8SLBNTjOtzU3v7C4tJxbya+urW9s2lvbVR3GirIKDUWo6h7RTHDJKsBBsHqkGAk8wWpe/2Lk1+6Y0jyUtzCIWC sgXcl9TgkYqW3vXd0MkyawB5PFvp8eDY2Q3ZN7P23bBafojIFniZuRAspQbttfzU5I44BJoIJo3XCdCFoJUcCpYGm+GWsWEdonXdYwVJKA6VYyXiTFB0bpYD9U5kjAY/V3IiGB1oPAM5MBgZ6e9kbif14jBv+8 lXAZxcAknTzkxwJDiEet4A5XjIIYGEKo4uavmPaIIhRMd3lTgju98iypHhddp+henxRKp1kdObSL9tEhctEZKqFLVEYVRNEjekav6M16sl6sd+tjMjpnZZkd9AfW5w/Kdpps</latexit><latexit sha1_base64="EI5JiB41EdzbXvGjlJELU9x/QXQ=">AAACCHicbVC7TsMwFHV4lvIKMDJg USExoCpBCBgrsTAwFEQfUltVjuu0Vh0nsm+AKko3Fn6FhQGEWPkENv4Gt80ALUeydHzOPbLv8SLBNTjOtzU3v7C4tJxbya+urW9s2lvbVR3GirIKDUWo6h7RTHDJKsBBsHqkGAk8wWpe/2Lk1+6Y0jyUtzCIWC sgXcl9TgkYqW3vXd0MkyawB5PFvp8eDY2Q3ZN7P23bBafojIFniZuRAspQbttfzU5I44BJoIJo3XCdCFoJUcCpYGm+GWsWEdonXdYwVJKA6VYyXiTFB0bpYD9U5kjAY/V3IiGB1oPAM5MBgZ6e9kbif14jBv+8 lXAZxcAknTzkxwJDiEet4A5XjIIYGEKo4uavmPaIIhRMd3lTgju98iypHhddp+henxRKp1kdObSL9tEhctEZKqFLVEYVRNEjekav6M16sl6sd+tjMjpnZZkd9AfW5w/Kdpps</latexit><latexit sha1_base64="EI5JiB41EdzbXvGjlJELU9x/QXQ=">AAACCHicbVC7TsMwFHV4lvIKMDJg USExoCpBCBgrsTAwFEQfUltVjuu0Vh0nsm+AKko3Fn6FhQGEWPkENv4Gt80ALUeydHzOPbLv8SLBNTjOtzU3v7C4tJxbya+urW9s2lvbVR3GirIKDUWo6h7RTHDJKsBBsHqkGAk8wWpe/2Lk1+6Y0jyUtzCIWC sgXcl9TgkYqW3vXd0MkyawB5PFvp8eDY2Q3ZN7P23bBafojIFniZuRAspQbttfzU5I44BJoIJo3XCdCFoJUcCpYGm+GWsWEdonXdYwVJKA6VYyXiTFB0bpYD9U5kjAY/V3IiGB1oPAM5MBgZ6e9kbif14jBv+8 lXAZxcAknTzkxwJDiEet4A5XjIIYGEKo4uavmPaIIhRMd3lTgju98iypHhddp+henxRKp1kdObSL9tEhctEZKqFLVEYVRNEjekav6M16sl6sd+tjMjpnZZkd9AfW5w/Kdpps</latexit>
(b)
<latexit sha1_base64="92LqctgzYz2tOAsKzxp1Yts9hPo =">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3BvQY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR 3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+d++wmV5rF8NJME/YgOJQ85o8ZKD +Xgsl8suRV3AbJOvIyUIEOjX/zqDWKWRigNE1Trrucmxp9SZTgTOCv0Uo0JZWM6xK6lkkao/eni1Bm5sMqAhLGyJQ1ZqL8npj TSehIFtjOiZqRXvbn4n9dNTXjjT7lMUoOSLReFqSAmJvO/yYArZEZMLKFMcXsrYSOqKDM2nYINwVt9eZ20qhXvqlK9r5XqtSyO PJzBOZTBg2uowx00oAkMhvAMr/DmCOfFeXc+lq05J5s5hT9wPn8Ah0iNQQ==</latexit>
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critical drying
(cos(✓) =  1)
<latexit sha1_base64="hVE5fKjs/Rpr9raZSB+k9KD8OSI=">AAACEXicbVC7SgNB FJ31GeNr1dJmMAhJYdgVQRshaGMZwTwgG8LsZJIMmZldZu4KYYmfYOOv2FgoYmtn5984SbbQxAMXDufcy+GeMBbcgOd9O0vLK6tr67mN/ObW9s6uu7dfN1GiKavRSES6GRLDBF esBhwEa8aaERkK1giH1xO/cc+04ZG6g1HM2pL0Fe9xSsBKHbeYBlpiqjlYSTx09Yir/jgIigGNTDGAAQNSujzxSx234JW9KfAi8TNSQBmqHfcr6EY0kUwBFcSYlu/F0E6JtkmC jfNBYlhM6JD0WctSRSQz7XT60RgfW6WLe5G2owBP1d8XKZHGjGRoNyWBgZn3JuJ/XiuB3kU75SpOgCk6C+olAkOEJ/XgLteMghhZQmatYDogmlCwJeZtCf78y4ukflr2vbJ/e1 aoXGV15NAhOkJF5KNzVEE3qIpqiKJH9Ixe0Zvz5Lw4787HbHXJyW4O0B84nz/I/5zs</latexit><latexit sha1_base64="hVE5fKjs/Rpr9raZSB+k9KD8OSI=">AAACEXicbVC7SgNB FJ31GeNr1dJmMAhJYdgVQRshaGMZwTwgG8LsZJIMmZldZu4KYYmfYOOv2FgoYmtn5984SbbQxAMXDufcy+GeMBbcgOd9O0vLK6tr67mN/ObW9s6uu7dfN1GiKavRSES6GRLDBF esBhwEa8aaERkK1giH1xO/cc+04ZG6g1HM2pL0Fe9xSsBKHbeYBlpiqjlYSTx09Yir/jgIigGNTDGAAQNSujzxSx234JW9KfAi8TNSQBmqHfcr6EY0kUwBFcSYlu/F0E6JtkmC jfNBYlhM6JD0WctSRSQz7XT60RgfW6WLe5G2owBP1d8XKZHGjGRoNyWBgZn3JuJ/XiuB3kU75SpOgCk6C+olAkOEJ/XgLteMghhZQmatYDogmlCwJeZtCf78y4ukflr2vbJ/e1 aoXGV15NAhOkJF5KNzVEE3qIpqiKJH9Ixe0Zvz5Lw4787HbHXJyW4O0B84nz/I/5zs</latexit><latexit sha1_base64="hVE5fKjs/Rpr9raZSB+k9KD8OSI=">AAACEXicbVC7SgNB FJ31GeNr1dJmMAhJYdgVQRshaGMZwTwgG8LsZJIMmZldZu4KYYmfYOOv2FgoYmtn5984SbbQxAMXDufcy+GeMBbcgOd9O0vLK6tr67mN/ObW9s6uu7dfN1GiKavRSES6GRLDBF esBhwEa8aaERkK1giH1xO/cc+04ZG6g1HM2pL0Fe9xSsBKHbeYBlpiqjlYSTx09Yir/jgIigGNTDGAAQNSujzxSx234JW9KfAi8TNSQBmqHfcr6EY0kUwBFcSYlu/F0E6JtkmC jfNBYlhM6JD0WctSRSQz7XT60RgfW6WLe5G2owBP1d8XKZHGjGRoNyWBgZn3JuJ/XiuB3kU75SpOgCk6C+olAkOEJ/XgLteMghhZQmatYDogmlCwJeZtCf78y4ukflr2vbJ/e1 aoXGV15NAhOkJF5KNzVEE3qIpqiKJH9Ixe0Zvz5Lw4787HbHXJyW4O0B84nz/I/5zs</latexit><latexit sha1_base64="hVE5fKjs/Rpr9raZSB+k9KD8OSI=">AAACEXicbVC7SgNB FJ31GeNr1dJmMAhJYdgVQRshaGMZwTwgG8LsZJIMmZldZu4KYYmfYOOv2FgoYmtn5984SbbQxAMXDufcy+GeMBbcgOd9O0vLK6tr67mN/ObW9s6uu7dfN1GiKavRSES6GRLDBF esBhwEa8aaERkK1giH1xO/cc+04ZG6g1HM2pL0Fe9xSsBKHbeYBlpiqjlYSTx09Yir/jgIigGNTDGAAQNSujzxSx234JW9KfAi8TNSQBmqHfcr6EY0kUwBFcSYlu/F0E6JtkmC jfNBYlhM6JD0WctSRSQz7XT60RgfW6WLe5G2owBP1d8XKZHGjGRoNyWBgZn3JuJ/XiuB3kU75SpOgCk6C+olAkOEJ/XgLteMghhZQmatYDogmlCwJeZtCf78y4ukflr2vbJ/e1 aoXGV15NAhOkJF5KNzVEE3qIpqiKJH9Ixe0Zvz5Lw4787HbHXJyW4O0B84nz/I/5zs</latexit>
first order wetting
(cos(✓) = 1)
<latexit sha1_base64="je8FB/JWpGWsrREXJONoeiIKN7c=">AAACFHicbVA9SwNBEN3z2/ gVtbRZDEJECHciaCOINpYKxgRyIext5pLFvd1jd04JR/wPNv4VGwtFbC3s/DduYgpNfDDweG+GmXlRKoVF3//ypqZnZufmFxYLS8srq2vF9Y1rqzPDocq11KYeMQtSKKiiQAn11ABLIgm16OZs4N duwVih1RX2UmgmrKNELDhDJ7WKe3loEhoLY/FemzaY+ztAFKrTD8NyyLUth9gFZLvHwW6rWPIr/hB0kgQjUiIjXLSKn2Fb8ywBhVwyaxuBn2IzZwYFl9AvhJmFlPEb1oGGo4olYJv58Kk+3XFKm8 bauFJIh+rviZwl1vaSyHUmDLt23BuI/3mNDOOjZi5UmiEo/rMoziRFTQcJ0bYwwFH2HGHcCHcr5V1mGEeXY8GFEIy/PEmu9yuBXwkuD0onp6M4FsgW2SZlEpBDckLOyQWpEk4eyBN5Ia/eo/fsvX nvP61T3mhmk/yB9/ENGoCeyQ==</latexit><latexit sha1_base64="je8FB/JWpGWsrREXJONoeiIKN7c=">AAACFHicbVA9SwNBEN3z2/ gVtbRZDEJECHciaCOINpYKxgRyIext5pLFvd1jd04JR/wPNv4VGwtFbC3s/DduYgpNfDDweG+GmXlRKoVF3//ypqZnZufmFxYLS8srq2vF9Y1rqzPDocq11KYeMQtSKKiiQAn11ABLIgm16OZs4N duwVih1RX2UmgmrKNELDhDJ7WKe3loEhoLY/FemzaY+ztAFKrTD8NyyLUth9gFZLvHwW6rWPIr/hB0kgQjUiIjXLSKn2Fb8ywBhVwyaxuBn2IzZwYFl9AvhJmFlPEb1oGGo4olYJv58Kk+3XFKm8 bauFJIh+rviZwl1vaSyHUmDLt23BuI/3mNDOOjZi5UmiEo/rMoziRFTQcJ0bYwwFH2HGHcCHcr5V1mGEeXY8GFEIy/PEmu9yuBXwkuD0onp6M4FsgW2SZlEpBDckLOyQWpEk4eyBN5Ia/eo/fsvX nvP61T3mhmk/yB9/ENGoCeyQ==</latexit><latexit sha1_base64="je8FB/JWpGWsrREXJONoeiIKN7c=">AAACFHicbVA9SwNBEN3z2/ gVtbRZDEJECHciaCOINpYKxgRyIext5pLFvd1jd04JR/wPNv4VGwtFbC3s/DduYgpNfDDweG+GmXlRKoVF3//ypqZnZufmFxYLS8srq2vF9Y1rqzPDocq11KYeMQtSKKiiQAn11ABLIgm16OZs4N duwVih1RX2UmgmrKNELDhDJ7WKe3loEhoLY/FemzaY+ztAFKrTD8NyyLUth9gFZLvHwW6rWPIr/hB0kgQjUiIjXLSKn2Fb8ywBhVwyaxuBn2IzZwYFl9AvhJmFlPEb1oGGo4olYJv58Kk+3XFKm8 bauFJIh+rviZwl1vaSyHUmDLt23BuI/3mNDOOjZi5UmiEo/rMoziRFTQcJ0bYwwFH2HGHcCHcr5V1mGEeXY8GFEIy/PEmu9yuBXwkuD0onp6M4FsgW2SZlEpBDckLOyQWpEk4eyBN5Ia/eo/fsvX nvP61T3mhmk/yB9/ENGoCeyQ==</latexit><latexit sha1_base64="je8FB/JWpGWsrREXJONoeiIKN7c=">AAACFHicbVA9SwNBEN3z2/ gVtbRZDEJECHciaCOINpYKxgRyIext5pLFvd1jd04JR/wPNv4VGwtFbC3s/DduYgpNfDDweG+GmXlRKoVF3//ypqZnZufmFxYLS8srq2vF9Y1rqzPDocq11KYeMQtSKKiiQAn11ABLIgm16OZs4N duwVih1RX2UmgmrKNELDhDJ7WKe3loEhoLY/FemzaY+ztAFKrTD8NyyLUth9gFZLvHwW6rWPIr/hB0kgQjUiIjXLSKn2Fb8ywBhVwyaxuBn2IzZwYFl9AvhJmFlPEb1oGGo4olYJv58Kk+3XFKm8 bauFJIh+rviZwl1vaSyHUmDLt23BuI/3mNDOOjZi5UmiEo/rMoziRFTQcJ0bYwwFH2HGHcCHcr5V1mGEeXY8GFEIy/PEmu9yuBXwkuD0onp6M4FsgW2SZlEpBDckLOyQWpEk4eyBN5Ia/eo/fsvX nvP61T3mhmk/yB9/ENGoCeyQ==</latexit>
✏w
<latexit sha1_base64="Ms4pTEuySDznA3buw 7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNC yL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3E TUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGCe1LHnNGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCu Sod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09Maa JMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSxikzfJz2ukVkxcoQyzd2thA2opsy6kEouhGDx 5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRC g==</latexit><latexit sha1_base64="Ms4pTEuySDznA3buw 7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNC yL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3E TUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGCe1LHnNGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCu Sod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09Maa JMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSxikzfJz2ukVkxcoQyzd2thA2opsy6kEouhGDx 5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRC g==</latexit><latexit sha1_base64="Ms4pTEuySDznA3buw 7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNC yL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3E TUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGCe1LHnNGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCu Sod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09Maa JMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSxikzfJz2ukVkxcoQyzd2thA2opsy6kEouhGDx 5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRC g==</latexit><latexit sha1_base64="Ms4pTEuySDznA3buw 7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNC yL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3E TUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGCe1LHnNGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCu Sod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09Maa JMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSxikzfJz2ukVkxcoQyzd2thA2opsy6kEouhGDx 5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRC g==</latexit>
T
<latexit sha1_base64 ="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6H icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+ gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXP Q1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/OD wqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHA TjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lb dBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jy nAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGy JQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My 6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2Jgqy ozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0v w4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q +czx+vqYzY</latexit><latexit sha1_base64 ="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6H icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+ gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXP Q1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/OD wqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHA TjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lb dBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jy nAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGy JQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My 6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2Jgqy ozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0v w4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q +czx+vqYzY</latexit><latexit sha1_base64 ="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6H icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+ gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXP Q1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/OD wqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHA TjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lb dBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jy nAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGy JQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My 6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2Jgqy ozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0v w4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q +czx+vqYzY</latexit><latexit sha1_base64 ="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6H icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+ gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXP Q1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/OD wqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHA TjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lb dBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jy nAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGy JQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My 6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2Jgqy ozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0v w4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q +czx+vqYzY</latexit>
Tc
<latexit sha1_base64="wJhvb9 uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LB bBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ 1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1 h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem wM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1 UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGe tWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0W ZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ 3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9 uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LB bBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ 1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1 h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem wM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1 UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGe tWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0W ZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ 3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9 uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LB bBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ 1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1 h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem wM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1 UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGe tWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0W ZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ 3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9 uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LB bBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ 1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1 h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem wM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1 UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGe tWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0W ZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ 3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit>
critical wetting
(cos(✓) = 1)
<latexit sha1_base64="HNqUPrO3PXV0tDI8Ot3nxQCh2Pk=">AAACEHicbVA9SwNBFNzz M55fUUubxSDGJtxFQRtBtLGMYBIhF8Le5iVZ3Ns7dt8pIeg/sPGv2FgoYmtp579xk1yhiQMPhpn3GN6EiRQGPe/bmZmdm19YzC25yyura+v5jc2aiVPNocpjGevrkBmQQkEVBUq4TjSwKJR QD2/Oh379FrQRsbrCfgLNiHWV6AjO0Eqt/F6gI8q1QKvIhztAFKobBG4x4LEpBtgDZPsn/n4rX/BK3gh0mvgZKZAMlVb+K2jHPI1AIZfMmIbvJdgcMG2TJNy7QWogYfyGdaFhqWIRmOZg9NA 93bVKm3ZibUchHam/LwYsMqYfhXYzYtgzk95Q/M9rpNg5bg6ESlIExcdBnVRSjOmwHdoWGjjKviVs3ArlPaYZR9uha0vwJ1+eJrVyyT8olS8PC6dnWR05sk12SJH45IickgtSIVXCySN5Jq /kzXlyXpx352O8OuNkN1vkD5zPH5G6nEA=</latexit>
tricritical
<latexit sha1_base64="ynxzhHYH0aNmfyccJrFig/I07rg=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZmpgi6LblxWsA9oh5JJM21okhmSTKEM/RM3LhRx65+482/MtLPQ1gMXDufcm 9x7woQzbTzv2yltbG5t75R3K3v7B4dH7vFJW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcp/7nSlVmsXyycwSGgg8kixiBBsrDVy3rwQyihHFjBV5ZeBWvZq3AFonfkGqUKA5cL/6w5ikgkpDONa653uJCTKs7Hucziv9VNMEkwke0Z6lEguqg2yx+RxdWGWIoljZkgYt1N8TGRZaz0RoOwU2Y73q5eJ/Xi810W2QMZmkhkqy/ChKOTIxymNAQ6YoMXxmCV7ejsgYK0yMDSsPwV89eZ206z X/qlZ/vK427oo4ynAG53AJPtxAAx6gCS0gMIVneIU3J3NenHfnY9lacoqZU/gD5/MHGY6TTg==</latexit>
point
<latexit sha1_base64="KY6BsbufRX/bR/ABshp0DpCYZ7Q=">AAAB8nicbVDLSgNBEJz1G eMr6tHLYBA8hd0o6DHoxWME84BkCbOT2WTIPJaZXiEs+QwvHhTx6td482+cTfagiQUNRVU33V1RIrgF3//21tY3Nre2Szvl3b39g8PK0XHb6tRQ1qJaaNONiGWCK9YCDoJ1E8OIjATrRJO73 O88MWO5Vo8wTVgoyUjxmFMCTur1jcQ40VxBeVCp+jV/DrxKgoJUUYHmoPLVH2qaSqaACmJtL/ATCDNigFPBZuV+allC6ISMWM9RRSSzYTY/eYbPnTLEsTauFOC5+nsiI9LaqYxcpyQwtsteLv 7n9VKIb8KMqyQFpuhiUZwKDBrn/+MhN4yCmDpCqOHuVkzHxBAKLqU8hGD55VXSrteCy1r94arauC3iKKFTdIYuUICuUQPdoyZqIYo0ekav6M0D78V79z4WrWteMXOC/sD7/AFLp5Cb</late xit>
surface
<latexit sha1_base64="oet3n3bHZb041WW+K/tTtygXihk=">AAAB83icbVDLSgNBEJz1GeM r6tHLYBA8hd0o6DHoxWME84DsEmYnvcmQmdllHkJY8htePCji1Z/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq2i0KIpT1U3Jho4k9AyzHDoZgqIiDl04vHdzO88gdIsl Y9mkkEkyFCyhFFinBSGSmCsrUoIhX6l6tf8OfAqCQpSRQWa/cpXOEipFSAN5UTrXuBnJsqJMoxymJZDqyEjdEyG0HNUEgE6yuc3T/G5UwY4SZUrafBc/T2RE6H1RMSuUxAz0sveTPzP61mT3EQ5k5k 1IOliUWI5NimeBYAHTAE1fOIIoYq5WzEdEUWocTGVXQjB8surpF2vBZe1+sNVtXFbxFFCp+gMXaAAXaMGukdN1EIUZegZvaI3z3ov3rv3sWhd84qZE/QH3ucPhyCRWg==</latexit>
SR ff, SR wf
<latexit sha1_base64="OcUqeKXqv8HIe7mLh 2bLZYZuuIM=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCpBCBgrsTCWRx9SW1WO67RWHSeyb4Aq SjcWfoWFAYRY+QQ2/ga3zQAtR7J0fM49su/xIsE1OM63NTe/sLi0nFvJr66tb2zaW9tVHcaKsgoNR ajqHtFMcMkqwEGweqQYCTzBal7/YuTX7pjSPJS3MIhYKyBdyX1OCRipbe/dXA+TJrAHk8W+nx4NjZ Ddk3s/bdsFp+iMgWeJm5ECylBu21/NTkjjgEmggmjdcJ0IWglRwKlgab4ZaxYR2idd1jBUkoDpVjJ eJMUHRulgP1TmSMBj9XciIYHWg8AzkwGBnp72RuJ/XiMG/7yVcBnFwCSdPOTHAkOIR63gDleMghgY Qqji5q+Y9ogiFEx3eVOCO73yLKkeF12n6F6dFEqnWR05tIv20SFy0RkqoUtURhVE0SN6Rq/ozXqyX qx362MyOmdlmR30B9bnD+Dbmno=</latexit><latexit sha1_base64="OcUqeKXqv8HIe7mLh 2bLZYZuuIM=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCpBCBgrsTCWRx9SW1WO67RWHSeyb4Aq SjcWfoWFAYRY+QQ2/ga3zQAtR7J0fM49su/xIsE1OM63NTe/sLi0nFvJr66tb2zaW9tVHcaKsgoNR ajqHtFMcMkqwEGweqQYCTzBal7/YuTX7pjSPJS3MIhYKyBdyX1OCRipbe/dXA+TJrAHk8W+nx4NjZ Ddk3s/bdsFp+iMgWeJm5ECylBu21/NTkjjgEmggmjdcJ0IWglRwKlgab4ZaxYR2idd1jBUkoDpVjJ eJMUHRulgP1TmSMBj9XciIYHWg8AzkwGBnp72RuJ/XiMG/7yVcBnFwCSdPOTHAkOIR63gDleMghgY Qqji5q+Y9ogiFEx3eVOCO73yLKkeF12n6F6dFEqnWR05tIv20SFy0RkqoUtURhVE0SN6Rq/ozXqyX qx362MyOmdlmR30B9bnD+Dbmno=</latexit><latexit sha1_base64="OcUqeKXqv8HIe7mLh 2bLZYZuuIM=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCpBCBgrsTCWRx9SW1WO67RWHSeyb4Aq SjcWfoWFAYRY+QQ2/ga3zQAtR7J0fM49su/xIsE1OM63NTe/sLi0nFvJr66tb2zaW9tVHcaKsgoNR ajqHtFMcMkqwEGweqQYCTzBal7/YuTX7pjSPJS3MIhYKyBdyX1OCRipbe/dXA+TJrAHk8W+nx4NjZ Ddk3s/bdsFp+iMgWeJm5ECylBu21/NTkjjgEmggmjdcJ0IWglRwKlgab4ZaxYR2idd1jBUkoDpVjJ eJMUHRulgP1TmSMBj9XciIYHWg8AzkwGBnp72RuJ/XiMG/7yVcBnFwCSdPOTHAkOIR63gDleMghgY Qqji5q+Y9ogiFEx3eVOCO73yLKkeF12n6F6dFEqnWR05tIv20SFy0RkqoUtURhVE0SN6Rq/ozXqyX qx362MyOmdlmR30B9bnD+Dbmno=</latexit><latexit sha1_base64="OcUqeKXqv8HIe7mLh 2bLZYZuuIM=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCpBCBgrsTCWRx9SW1WO67RWHSeyb4Aq SjcWfoWFAYRY+QQ2/ga3zQAtR7J0fM49su/xIsE1OM63NTe/sLi0nFvJr66tb2zaW9tVHcaKsgoNR ajqHtFMcMkqwEGweqQYCTzBal7/YuTX7pjSPJS3MIhYKyBdyX1OCRipbe/dXA+TJrAHk8W+nx4NjZ Ddk3s/bdsFp+iMgWeJm5ECylBu21/NTkjjgEmggmjdcJ0IWglRwKlgab4ZaxYR2idd1jBUkoDpVjJ eJMUHRulgP1TmSMBj9XciIYHWg8AzkwGBnp72RuJ/XiMG/7yVcBnFwCSdPOTHAkOIR63gDleMghgY Qqji5q+Y9ogiFEx3eVOCO73yLKkeF12n6F6dFEqnWR05tIv20SFy0RkqoUtURhVE0SN6Rq/ozXqyX qx362MyOmdlmR30B9bnD+Dbmno=</latexit>
(c)
<latexit sha1_base64="a5y kMtMovtGRai5HTnUMXx62Q+I=">AAAB6nicbVDLSgNBEOyNrx hfUY9eBoMQL2E3BvQY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePG giFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb 2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb+d+ +wmV5rF8NJME/YgOJQ85o8ZKD2V22S+W3Iq7AFknXkZKkKHRL 371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/n Rx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz xp1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsG G4K2+vE5a1Yp3Vane10r1WhZHHs7gHMrgwTXU4Q4a0AQGQ3iG V3hzhPPivDsfy9ack82cwh84nz+IzY1C</latexit>
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✏w
<latexit sha1_base64="Ms4pTEuySDznA3buw7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS 1tFoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNCyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3ETUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGC e1LHnNGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCuSod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSx ikzfJz2ukVkxcoQyzd2thA2opsy6kEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRCg==</latexit><latexit sha1_base64="Ms4pTEuySDznA3buw7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS 1tFoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNCyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3ETUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGC e1LHnNGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCuSod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSx ikzfJz2ukVkxcoQyzd2thA2opsy6kEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRCg==</latexit><latexit sha1_base64="Ms4pTEuySDznA3buw7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS 1tFoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNCyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3ETUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGC e1LHnNGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCuSod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSx ikzfJz2ukVkxcoQyzd2thA2opsy6kEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRCg==</latexit><latexit sha1_base64="Ms4pTEuySDznA3buw7n1/T5CS98=">AAAB8XicbVA9SwNBEJ2LXzF+RS 1tFoNgFe5E0DJoYxnBJGJyhL3NXLJkb/fY3VNCyL+wsVDE1n9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNL3ETUouMSG5VbgfaqRJpHAVjS8nvqtR9SGK3lnRymGC e1LHnNGrZMeOpgaLpTsPnXLFb/qz0CWSZCTCuSod8tfnZ5iWYLSMkGNaQd+asMx1ZYzgZNSJzOYUjakfWw7KmmCJhzPLp6QE6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuPLcMxlmlmUbL4ozgSx ikzfJz2ukVkxcoQyzd2thA2opsy6kEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1gIOEZXuHNM96L9+59zFsLXj5zCH/gff4A4imRCg==</latexit>
T
<latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh 69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6E R1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQK mRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh 69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6E R1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQK mRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh 69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6E R1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQK mRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh 69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6E R1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQK mRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit>
Tc
<latexit sha1_base64="wJhvb9uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262Y TdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIw VrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262Y TdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIw VrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262Y TdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIw VrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit><latexit sha1_base64="wJhvb9uwnGCfBYZQA6dTe+nP8us=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262Y TdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM2KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIw VrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5AyCgja4=</latexit>
first order
<latexit sha1_base64="54RlPmEhuLL5yYuTmC/8FRDVgt8=">AAAB+HicbVBNSwMxEJ2tX7V+tOrRS7AInspuFfRY9OKxgv2AdinZbLYNTbJLkhXqUv+IFw+KePWneP PfmLZ70NYHA4/3ZpiZFyScaeO6305hbX1jc6u4XdrZ3dsvVw4O2zpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0E45uZ33mgSrNY3ptJQn2Bh5JFjGBjpUGl3FcCRUxp8xSrkKpBperW3DnQKvFyUoUczUHlqx/GJBVUGsKx1j3PTYyfYWUY4XRa6qeaJpiM8ZD2LJVYUO1n88On6NQqIYpiZUsaNFd/T2RYaD0Rge0U2Iz0sjcT//N6qYmu/IzJJDVUk sWiKOXIxGiWAgqZosTwiSWYKGZvRWSEFSbGZlWyIXjLL6+Sdr3mndfqdxfVxnUeRxGO4QTOwINLaMAtNKEFBFJ4hld4cx6dF+fd+Vi0Fpx85gj+wPn8ARxPk2I=</latexit>
(cos(✓) =  1)
<latexit sha1_base64="eGynhjCqqfTQOMBn+c4LrHEBEIk=">AAAB+nicbVBNS8NAEN34WetXqkcvi0VoD5akCnoRil48VrAf0ISy2W7bpZts2J0oJfanePGgiFd/iTf/jds2B219 MPB4b4aZeUEsuAbH+bZWVtfWNzZzW/ntnd29fbtw0NQyUZQ1qBRStQOimeARawAHwdqxYiQMBGsFo5up33pgSnMZ3cM4Zn5IBhHvc0rASF27UPKo1CUPhgxI+erULXftolNxZsDLxM1IEWWod+0vrydpErIIqCBad1wnBj8lCjgVbJL3Es1iQkdkwDqGRiRk2k9np0/wiVF6uC+VqQjwTP09kZJQ63EYmM6QwFAvelPxP6+TQP/ST3kUJ8AiOl/UTwQGiac54B5XjIIYG0Ko4uZW TIdEEQomrbwJwV18eZk0qxX3rFK9Oy/WrrM4cugIHaMSctEFqqFbVEcNRNEjekav6M16sl6sd+tj3rpiZTOH6A+szx807pKp</latexit>
1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwK RRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwK RRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwK RRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwK RRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>
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FIG. 2: The four different classes of surface phase transitions obtained from DFT plotted in the plane of wall-fluid attraction
strength w versus temperature T . The wetting transition cos(θ) = 1 refers to vapor as the bulk phase at coexistence (co),
i.e. the chemical potential µ → µ−co, while the drying transition cos(θ) = −1 refers to the bulk liquid at coexistence µ = µ+co.
Taking a horizontal path, at fixed T, one passes from a dry state at small wf attraction through a phase transition to partially
dry and partially wet regimes to a phase transition, at larger attractive strength, to the wet state. Tc denotes the bulk critical
temperature. a) SR fluid-fluid and LR wall-fluid; b) LR fluid-fluid and LR wall-fluid; c) SR fluid-fluid and SR wall-fluid; d)
LR fluid-fluid and SR wall-fluid. The symbols are the results of DFT calculations. In cases c) and d) the wf potential [2] is
truncated at zc = 2.0σ. In (a) and (b) we note that complete drying is a critical surface phase transition and wetting is a
first order surface phase transition; there is a ’gap’ at Tc between critical drying and first order wetting. In c) we find lines of
critical wetting and critical drying transitions merging at Tc, in the same fashion as in the Ising model. In d) drying is first
order and wetting occurs formally only for an infinitely attractive wall-fluid potential. These results confirm the topologies of
phase diagrams predicted by the binding potential analysis.
where, for simplicity we have taken σw = σ. w is the di-
mensionless parameter measuring the strength of wf at-
traction. We also consider SR wf potentials where Eq. [2]
is truncated to zero at some finite cut-off zc (but not
shifted).
Binding Potential Analysis for Different Choices of
Interactions
The standard phenomenological treatment of wetting
and drying transitions, e.g. [24] considers contributions to
ωex(l), the excess grand potential per unit surface area,
as a function of l, the thickness of the wetting/drying
layer. l serves as an order parameter. Deriving ωex(l),
often termed the effective interface potential, from a mi-
croscopic description of the fluid usually begins with a
simple DFT treatment for a grand potential functional
accompanied by a (sharp kink) parametrization of the
one-body density profile ρ. This is modelled as a layer of
constant density (the coexisting liquid density for wet-
ting) adsorbed at the substrate with the liquid-gas in-
terface treated as a Heaviside step-function located at
a distance l from the surface. Inputting more realistic
smoothed density profiles contributes additional terms
to ωex(l) [25, 26]. Sometimes empirical contributions are
invoked. Often drying is considered equivalent to wet-
ting and focus is placed on the latter. We emphasize the
differences.
For the case of drying we set the chemical potential µ =
4µ+co, so that the bulk liquid far from the substrate/wall
is infinitesimally close to coexistence, and introduce the
binding potential ωB(l) which measures the free energy
associated with a layer of the metastable phase (in this
case vapor v) :
ωex(l) = γwv + γlv + ωB(l) : drying (3)
If the equilibrium thickness leq → ∞ , ωB(leq) → 0 and
then a macroscopically thick layer of vapor intrudes be-
tween the weakly attractive wall and the liquid, the wl
interface becomes a composite of the wv and lv inter-
faces and the wl surface tension is γwl = ω
ex(∞) =
γwv + γlv. It follows from Young’s equation that in this
limit cos(θ) = −1. Wetting is equivalent with Eq. [3]
replaced by:
ωex(l) = γwl + γlv + ωB(l) : wetting (4)
Now the bulk is vapor and µ = µ−co. For a sufficiently
attractive wall one expects the equilibrium thickness leq
of the adsorbed liquid layer to diverge and ωB(leq) → 0
so that the wv interface is a composite of the wl and lv
interfaces with γwv = ω
ex(∞) = γwl + γlv. In this limit
cos(θ) = +1. The nature of the transitions to complete
drying and complete wetting depends sensitively on the
shape of the binding potential. This depends in turn on
the form of the ff and wf potentials. We consider four
different combinations of SR ( finite range or exponen-
tially decaying) and LR (retaining the full power-law tail
) potentials.
(a) SR ff and LR wf
This choice is pertinent to the majority of simula-
tion studies of simple atomic liquids. It corresponds
to model fluids with truncated LJ ff potentials as in
Eq. [1] adsorbed at a wall exhibiting −z−3 wf attraction
as in Eq. [2]. This class includes models of ionic liquids
and electrolytes where Coulomb interactions are screened
so that effective ff interactions decay exponentially. It
should also include models of water that truncate oxygen-
oxygen dispersion interactions and tackle Coulomb inter-
actions using Ewald methods. The binding potential is:
ωB(l) = a exp (−l/ξb) + bl−2 + H.O.T. (5)
where the higher order terms include higher inverse pow-
ers of l and more rapidly decaying exponentials [12]. The
exponential contributions arise from SR ff interactions
and, in the case of drying, ξb is the true correlation
length of the bulk vapor v, the phase that is intruding
at or wetting the wl interface. The coefficient a > 0,
depends on the strength of the ff attraction. The second
term in Eq. [5] reflects the leading −wz−3 wf attraction
arising from dispersion interactions. This term, and the
higher-order power law contributions, are proportional
to w. For the wf potential [2] a calculation for drying
using standard methods, eg. [24], yields b = −b0w with
b0 ≡ (ρl − ρv)σ3/2 > 0 (12), where ρl and ρv are the
coexisting liquid and vapor number densities at temper-
ature T . Minimizing ωex(l) w.r.t. l yields the following
equation for the equilibrium thickness leq of the vapor
layer:
− leq/ξb = ln w − 3 ln(leq/ξb) + consts, w → 0 (6)
leq is finite for all T < Tc, provided w > 0. However,
in the limit w → 0, where the wf potential reduces to
that of a hard wall, the equilibrium thickness diverges
continuously, and one has critical drying. In Ref. [12]
we determined the critical exponents characterizing the
singular behavior of surface thermodynamic quantities
and the divergence of the correlation length ξ‖ measuring
the extent of density fluctuations parallel to the wall.
Here we recall how the contact angle θ approaches 180◦:
1 + cos(θ) ∼ w(− ln w)−2, w → 0 . (7)
This prediction remains valid, within the binding poten-
tial picture, provided b0 > 0, i.e. critical drying should
occur for T right up to the bulk critical temperature Tc.
Turning to wetting, Eq. [4] applies with Eq. [5] for the
binding potential but b is replaced by −b so the leading
decay of the binding potential is positive. If the wf po-
tential is sufficiently attractive (large w) the denser (liq-
uid) phase must eventually wet the wv interface. How-
ever, it is clear from the sign of b that there must be a
maximum of ωex(l) at some intermediate l and that any
wetting transition must be first order; there can be no
continuous (critical) wetting transition at any tempera-
ture.
(b) LR ff and LR wf
This scenario pertains to real systems where LR disper-
sion interactions are present between ff and wf particles,
i.e. we retain the full −r−6 tail in the ff pair potential.
The binding potential in Eq. [5] is replaced by
ωB(l) = b(T )l
−2 + cl−3 + H.O.T. (8)
where, for drying, the coefficients obtained from a sharp-
kink input density profile, a Hamaker-like approximation,
are b(T ) = b0(2piρv(T )σ
3/3 − w) and c = 2b0σw > 0
[27]. Beyond the sharp-kink approximation, c, as well
as the coefficients of the higher-order power-law terms
are likely to depend on the detailed form assumed for
the density profile but b(T ), the coefficient of the leading
term, is expected to be unchanged [25, 26]. The impor-
tant new ingredient is the presence in b(T ) of the ff con-
tribution, proportional to the vapor density ρv(T ). At
low T , ρv(T ) is very small and b(T ) < 0. Minimiza-
tion of the excess grand potential yields a layer thick-
ness leq = −3c/(2b(T )) that is finite. Increasing T , one
5reaches the situation where b(T ) → 0− and then leq di-
verges continuously corresponding to critical drying. The
drying temperature TD for a fixed w is given by the sim-
ple formula
w = 2piρv(TD)σ
3/3. (9)
Alternatively, one can fix T and decrease w in order to
induce the transition. Such a scenario was presented in
a previous DFT study of drying at a single low tempera-
ture [27] but its repercussions were not appreciated fully.
Here we emphasize that Eq. [9] implies critical drying
will persist up to bulk Tc. This equation defines a line
of critical drying transitions in the (w, T ) plane termi-
nating at the point (wbc, Tc) , where wbc = 2piρcσ
3/3,
and ρc is the bulk critical density. The critical exponents
pertaining to any drying point are easily calculated. For
the contact angle we find:
1+cos(θ) = −ωB(leq)
γlv
= −4b(T )3/(27γlvc2) ∼ |t|3, t→ 0−
(10)
where t ≡ (T − TD)/TD. The case of wetting by liquid
is very different. The binding potential takes the same
form [8], but now b(T ) = −b0(2piρlσ3/3 − w) and c =
−2b0σw < 0. As in case a), first order wetting can
occur provided the wf attraction is sufficiently strong but
critical wetting cannot occur since this requires c > 0.
(c) SR ff and SR wf
This case, like case a) above, is encountered in simu-
lations of fluids and is the one that corresponds to the
(many) Ising/lattice gas studies in which a field h1 is ap-
plied in the first (surface) layer only. Such models have
been treated within mean-field (MF) Landau theory [6]
and in great detail by MC simulations [3, 4]. The bind-
ing potential for such models consists of two exponential
terms:
ωB(l) = a1 exp (−l/ξb) + a2 exp (−2l/ξb) + H.O.T (11)
with a2 > 0. ξb refers to the correlation length of the bulk
phase that intrudes/wets. Critical drying can occur if the
sign of a1 changes on varying T (or w). First order dry-
ing can also occur. For strongly attractive wf potentials
it is well-known that both critical and 1st order wetting
transitions can occur with a tricritical point separating
the two [6]. Critical wetting for SR interactions has at-
tracted much attention because of predictions of novel,
non-universal critical exponents; see SI.
(d) LR ff and SR wf
Although less relevant to physical situations, this case
is important in understanding the overall genesis of dry-
ing and wetting phase diagrams. For drying the binding
potential takes the form
ωB(l) = awf exp (−l/ξb) + bff l−2 + H.O.T (12)
similar to Eq. [5] with awf ∝ w. However, the phys-
ical consequences are quite different. The coefficient of
the leading power-law term, now associated with ff in-
teractions, is bff = b02piρvσ
3/3. Since this is positive it
follows there can be no critical drying but 1st order dry-
ing can occur provided the wf attraction is sufficiently
weak. Wetting is a very different scenario. The coeffi-
cient of the leading term is now −b02piρlσ3/3 and the
long-ranged negative tail of the ff contribution to the
binding potential always limits the thickness of the wet-
ting layer: complete wetting cannot occur for finite wall-
fluid attraction. Of course, in the limit w → ∞, we
expect leq to diverge but this is slow: leq ∼ ξb ln w, and
a straightforward calculation shows
1− cos(θ) ∼ (ln w)−2, w →∞ (13)
i.e. the approach to complete wetting is very slow.
Two remarks are in order: i) It is important to note
that the analysis presented in all four cases is strictly
MF; we simply minimize the binding potential. If we
treat the binding potential as an effective Hamiltonian
we must consider fluctuations of the order parameter l.
The effects of fluctuations are described in the SI. For
case a) fluctuations have little effect. For case b) fluc-
tuations play no role, and we expect the location of the
transition and the critical exponents to be predicted cor-
rectly within MF. In case d) there is no criticality. Case
c), the Ising-like case, is where fluctuations play a signif-
icant role.
ii) The binding potential analysis can be viewed as a
low temperature approximation. Very close to the bulk
critical temperature Tc the bulk correlation length ξb
is long and one should take into account the broaden-
ing of the liquid-vapor interface as set by the (diverg-
ing) ξb. This leads to the regime of critical adsorp-
tion. In contrast, our microscopic DFT calculations, de-
scribed below, incorporate fully the interplay between
wetting/drying and critical adsorption, albeit within MF.
We emphasize these considerations only come into play
when ξb approaches the thickness leq of a drying or wet-
ting layer. And we speculate that the criterion [9] for
critical drying in case b) remains valid up to Tc.
Results from DFT
DFT is a microscopic theory based on constructing a
grand potential functional of the average one-body par-
ticle (fluid) density ρ ≡ ρ(r). The particular approxi-
mate functional we employ is described, and justified, in
the SI. Minimizing the grand potential functional with
6respect to ρ with suitable boundary conditions permits
the direct determination of the three interfacial tensions
γlv, γwv, γwl at bulk vapor-liquid coexistence, and hence,
via Young’s equation, cos(θ). We have calculated cos(θ)
as a function of w for a selection of temperatures in the
range 0.75Tc <∼ T ≤ Tc and for the four combinations of
LR and SR interactions considered in cases a)-d) above.
The results complement, confirm and extend the insight
gained from the binding potential analysis.
Results are shown in Fig. 3(a) for case a): SR ff and
LR wf , the situation encountered in most simulations of
fluids. One observes that the curves of cos(θ) + 1 versus
w approach drying (cos(θ) = −1) tangentially indicat-
ing critical drying. A previous careful analysis of the
location of the drying point [12] at the low temperature
T = 0.775Tc shows this to occur at w = 0, ie. in the limit
of a hard wall. We find within DFT, and as predicted by
the binding potential analysis, that this is true for all
temperatures T ≤ Tc. Fig. 3(b) shows a plot of the nu-
merical binding potential ωB(l) obtained from our DFT
calculations via the procedure of Ref. [28] for T = 0.999Tc
and w = 10
−3. Even at this very small value of w and
the near critical temperature, there is a clear minimum
in ωB(l) at a large but finite leq demonstrating that the
wall is not yet completely dry.
In contrast the curves of cos(θ) + 1 versus w cross
the wetting point (cos(θ) = 1) with a non-zero gradi-
ent indicating first order wetting and we return to the
resulting ’hockey stick’ shape below. The full phase di-
agram of drying and wetting transitions is displayed in
Fig. 2(a) and shows that the value of w at which wet-
ting occurs decreases with increasing T . However, it re-
mains non-zero as T → Tc, ie. the line of 1st order wet-
ting transitions does not merge with the drying line as
T → Tc. This leaves a substantial ‘gap’ between drying
and wetting points at Tc which has not been identified
previously and which should be related to the physics of
critical adsorption of fluids e.g. [29, 30]. That a distinc-
tion between drying and wetting survives even at Tc is
certainly counter-intuitive given that the bulk phases be-
come identical there. The effect is related to the fact that
cos(θ(T )) = (γwv(T )−γwl(T ))/γlv(T ) and that both the
numerator and denominator vanish in a singular fashion
as T → Tc.
DFT calculations were also performed for cases b)-
d) and the corresponding phase diagrams are shown in
Figs. 2(b-d). Case b) pertains to most experimental sit-
uations for which both ff and wf interactions are LR;
it exhibits features in common with case a) except that
critical drying occurs at non-zero w(T ) = 2piρv(T )σ
3/3
as predicted by the binding potential calculations and
verified numerically via DFT- see S.I. Thus w for criti-
cal drying (supersolvophobicity) increases with T in this
case. The gap between drying and wetting at T = Tc
seen in case a) occurs here too.
For case c), in which both ff and wf interactions are
SR, the phase diagram as calculated by DFT exhibits
critical drying, while wetting can be either first order
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first order wetting
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FIG. 3: (a) DFT results for cos(θ) for case a): SR ff and LR
wf demonstrating critical drying and first order wetting occur
for all reduced temperatures kBT/. The reduced critical
temperature is Tc = 1.31944. Note that all the curves cross
at a point, as discussed in the text. Also note that we display
values of cos(θ) that slightly exceed unity. These correspond
to metastable states reflecting the first order character of the
wetting transition. (b) DFT results for the binding potential
ωB(l) for SR ff and LR wf at T = 0.999Tc; the extremely
shallow minimum at a large but finite leq demonstrates that
the wall is still not completely dry at w = 10
−3.
or critical depending on the temperature. As shown in
Fig. 2(c) there is a tri-critical point near T = 1.27. Above
this temperature wetting is critical. A major distinc-
tion to cases a) and b) is that there is no gap between
drying and wetting at Tc. This type of phase diagram,
where wetting and drying are critical on approaching Tc
was known previously from Ising model studies and from
an insightful early DFT treatment of Sullivan [31] and
was considered universal. Importantly, this differs dra-
matically from cases a) and b) which pertain, respec-
tively, to most simulations and experiments on real flu-
ids. The Sullivan model [31] treats an attractive Yukawa
fluid subject to an exponentially decaying wall potential,
of strength wS : the ff and wf potentials are SR with
identical decay length. It yields lines of critical wetting
and critical drying transitions merging at Tc; there is no
first order transition. Remarkably the Sullivan criterion
7for critical drying wS(T ) = ρv(T )α/2, where α is the in-
tegrated strength of the ff attraction, is identical in form
to our result [9] for case b).
For the final case d) with LR ff and SR wf interac-
tions, we again observe very different behavior. This is
the only case in which the drying transition is first order
and it occurs at non-zero w. Wetting is essentially ab-
sent, occurring formally only for infinite attractive wall
strength, although thick (but finite) liquid layers are ex-
pected to occur for strongly attractive wf potentials as
described in the previous section.
Several observations are germane to these findings.
Critical drying is found in cases a), b) and c). At first
sight, case a) ie. SR ff and LR wf, might be considered
equivalent to the lattice gas model treated in Ref. [14].
Indeed, the argument that any wetting transition must
be first order is also confirmed by the results presented in
[14]. Moreover, the shape of the calculated wetting line
is close to that we display in Fig. 2(a). However, in the
lattice treatment of Ref. [14] there is no line of critical
drying transitions, in sharp contrast to our present treat-
ment pertinent to a ‘real’ fluid where the imposition of
the hard-wall limit as w → 0, guarantees the occurrence
of critical drying, with its accompanying signatures.
The ‘hockey-stick’ shape of the cos(θ) vs. w plots for
various T shown in Fig. 3(a) is important. The curves
exhibit a well defined ‘crossing point’ for w ≈ 0.75 where
θ ' 130◦. For w > 0.75, cos(θ) increases with T , but
decreases with T for smaller w. Whilst these results
pertain to case a), we find similar shaped plots for other
cases. In case b) (LR ff and LR wf ) the crossing point
(not shown) is close to w = 1.23 where θ ' 110◦. Ear-
lier studies, notably for realistic models of water [32], also
found similar plots which implies there is nothing special
about the overall surface phase behavior of water. These
observations are pertinent for the design of wetting en-
gines [33] which rely upon knowledge of the T dependence
of cos(θ). One interesting thermodynamic cycle requires
the propensity for wetting to decrease with increasing T .
From our results for case b), this might occur for contact
angles >∼ 110◦.
The increasingly vertical shape of the ‘hockey-stick’
curves as T increases in Fig. 3(a), points to the onset of
a near jump from partial drying to first order wetting, as
w increases, in the limit where T approaches Tc. This is
elucidated in Fig. S4 of the SI where we plot the so-called
‘neutral’ line for which cos(θ) = 0 [34] that separates the
regimes of partial drying and partial wetting, alongside
the line for cos(θ) = 1, complete wetting. Note that both
lines meet at the same value, w = 0.75, at Tc implying
the disappearance of the partial wetting regime in this
limit.
Results from simulation
Turning now to our MC simulations, these focus on
the properties of the probability distribution of the fluc-
tuating density P (ρ) at µ = µco(T ) within a slit geome-
try (two identical planar walls) for the LJ system as de-
scribed in Ref. [12]. Detailed studies were performed for
the computationally tractable cases a) and c) in which
the ff interactions are truncated. The results serve to
corroborate the picture emerging from theory. Specifi-
cally, drying is found to be critical in all cases and to
occur at w = 0 for LR wf interactions and at w > 0 for
SR wf interactions. Wetting is first order in case a) and
either first order or critical in case c) depending on the
temperature.
The simulations also confirm for case a) the presence
of a gap separating wetting and drying at bulk criticality,
ie. that the wetting line intersects the critical isotherm
at non-zero w. For temperatures close to Tc, a large
bulk correlation length ξb pertains and this engenders
finite-size effects which complicate accurate estimation of
the quantity γlv that is required to estimate cos(θ) from
Young’s equation. However, the attractive wall strength
w that corresponds to a neutral wall, cos(θ) = 0, does
not require knowledge of γlv and is simply determined
[12] by the equality of the peak heights in P (ρ). Thus
the neutral wall strength can be obtained accurately right
up to Tc and because this value provides a lower bound
on w for complete wetting, we have been able to confirm
by simulation that the first order wetting line indeed has
the form shown in the DFT results of Fig. 2, i.e. it meets
the line T = Tc at a non-zero value of w and does not
bend to meet the drying line at w = 0. Fig. 4 shows the
form of P (ρ) at the neutral wall strength.
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FIG. 4: The form of P (ρ) corresponding to a ‘neutral’ wall
having cos(θ) = 0, measured in an GCE MC simulation of the
LJ fluid in a slit of dimensions V = L2D. The temperature is
T = 0.985Tc and the system size is L = 15σ,D = 40σ ; see SI.
The LR wf potential has the form [2] with w = 0.957. The
SR ff interactions are truncated at rc = 2.5σ. Note the equal
peak heights: the lower density peak corresponds to vapor
and the higher to liquid.
8Discussion and outlook
We have identified the types of wetting and drying be-
havior that can occur across the full temperature range of
bulk liquid-vapor coexistence for a realistic fluid model.
The presence of LR interactions leads to three previously
unrecognised classes of surface phase diagram which dif-
fer dramatically from the SR ff and SR wf class charac-
terizing the Ising model with finite ranged surface fields,
hitherto assumed to be universal. In the latter, the lines
of (critical) drying and wetting transitions merge as T
approaches Tc and in this limit drying and wetting are
equivalent. However, the presence of LR interactions
leads to wetting and drying lines that can have different
character, and which do not merge at Tc. Rather there
is a gap between wetting and drying at Tc where critical
adsorption occurs. Most experiments and simulations of
liquids at an interface, including studies of water at hy-
drophilic or superhydrophobic substrates, belong to one
of these previously unrecognised surface phase diagrams.
Accordingly our results are widely applicable and should
provide a firmer foundation for future developments.
Our study also relates directly to the confinement of
fluids by hydrophobic entities. Many studies, e.g. [35–
38] emphasize the usefulness of macroscopic (capillarity)
approximations, i.e. generalizations of the well-known
Kelvin equation, in understanding phenomena such as
capillary evaporation, the formation of vapor bridges and
solvent mediated forces arising under nano-scale confine-
ment. Key to such approaches is the product γlv cos(θ).
Given our results it would be instructive to investigate
the temperature dependence of this quantity for a variety
of substrates and adsorbates. Note that the characteristic
length scale for evaporation in water at room tempera-
ture and pressure is much longer than in most common
organic liquids but this is simply due to the large sur-
face tension γlv rather than any special feature of water
[37, 39].
The adsorption of colloid-polymer mixtures can pro-
vide examples of wetting and drying for micron sized par-
ticles. A simple glass wall favors wetting by the ‘liquid’
phase rich in colloid because of the depletion mechanism
[22]. However, one might tailor substrates so that the
interface between the substrate and the ‘liquid’ phase is
wet by the ‘gas’ phase, dilute in colloid; this corresponds
to drying [40]. We note that in colloid-polymer mixtures
the solvent is refractive-index matched to the colloidal
particles so that the relevant interactions are short-range,
mimicking case c).
Returning to the possibility of observing the surface
criticality associated with complete drying, we emphasize
this requires a very weakly attractive substrate: small w.
In experiments one works with a given substrate material
and liquid adsorbate and hence a fixed w which is always
non-zero; an attractive wf interaction is always present.
The fact that critical drying occurs for increasing w as
T increases, in the experimentally relevant case b), leads
to the possibility that one might attain values of cos(θ)
close to −1 if one explores higher temperatures. By in-
creasing T one can approach the drying line from the
partially dry side, potentially allowing observation of the
strong density fluctuations associated with the approach
to critical drying [10–12]. For experiments on water at
superhydrophobic surfaces this would entail use of a pres-
sure vessel to maintain coexistence conditions at high T .
In practice, it may be easier to access this regime by con-
sidering fluids for which the critical temperature is close
to room temperature, such as CO2, NH3 or Rn.
It is well-known that some of the most weakly adsorb-
ing systems at the atomic scale are the inert (noble)
gases on alkali metal substrates. Ne at a Cs substrate
is considered a particularly weakly adsorbing combina-
tion, see Chizmeshya et.al. [41]. A classical DFT inves-
tigation [42] using a functional equivalent to [S2] and the
wf potential of [41] found no drying transition for Cs-Ne.
Ref. [42] also considered wf potentials which had the 9-3
form of Eq.[ 2] and made these ‘ultraweak ’ by changing
the coefficient of the repulsive z−9 term, thereby reduc-
ing the well-depth. Even for very small wf well-depths
and temperatures close to Tc they found no drying tran-
sition. At first sight this contradicts our analysis of case
b). However [42] did not vary the coefficient C3 of the
−z−3 attraction; they kept this fixed to the Chizmeshya
value. Had they reduced C3, which is proportional to our
w, sufficiently they should have observed critical drying.
From our analysis it is clear w, the strength of the dis-
persion force wf attraction, rather than the well depth,
determines the leading order contribution to the binding
potential and therefore the resulting surface phase be-
havior. This is relevant in the context of an important
microbalance measurement of the adsorption of liquid Ne
on Cs [43] that provided firm evidence for a significant
density depletion, interpreted as a vapor-like layer close
to the Cs substrate. What does our current theory say
for this system? For Ne, Tc = 44.4 K and the reduced
critical density is ρcσ
3 = 0.305. Assuming Eq. [9] holds
close to the bulk critical point then critical drying re-
quires w < 0.63. It is likely that the the value of C3
used by [42] corresponds to w > 0.63 explaining why no
drying transition was found in their DFT calculations.
Clearly it would be worthwhile to re-examine the coeffi-
cient C3 for Cs-Ne. Should this turn out to be smaller,
critical drying could occur near Tc which might account
for the experimental observation [43].
This example illustrates the importance of understand-
ing the underlying phenomenology of surface phase tran-
sitions. To emphasize further, the MC studies mentioned
in [42] employed a SR ff (truncated LJ) and a LR wf (10-
4) potential which corresponds to case a). It is not sur-
prising that no drying transition was observed- this oc-
curs only for w = 0. Wetting and drying transitions
are characterized by the divergence of the layer thickness
l, i.e. by the asymptotic decay of terms in the binding
potential, reflecting the range of competing interactions.
This raises major challenges for simulations where access-
ing the experimentally relevant regimes is demanding,
9requiring special techniques to simulate inhomogeneous
fluids with LR (power-law) ff interactions and locate the
onset and character of the transitions.
Although we have focused on planar substrates, the
simulation and DFT techniques that we employ can be
applied to substrates structured at the nanoscale. These
allow us to address how critical drying depends on w and
the form of critical interfaces and density fluctuations
for model structures pertinent to (super) hydrophobic
substrates.
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Movie: Interfacial structure near critical drying
A movie (from which the simulation snapshot of Fig. S1
was taken) allows a view of the rich configurational struc-
ture that occurs near critical drying. The MC simulation
of the confined LJ fluid with truncated ff interactions
uses the LR wf form [2] with the attractive wall strength
set to be w = 0.2, close to the drying point at w = 0.
The system size is a slit of size L = 50σ and D = 30σ -
see below; the temperature is T = 0.775Tc. The movie
focuses on the region near the wall at z = 0. Observing
the purple shaded particles lying close to the wall, we
note that there is a large but finite ξ‖ manifest in the
large fractal bubbles of ‘vapor’ which almost span the
system in the lateral dimension. However, the perpen-
dicular extent of these bubbles is microscopic, extending
only a few particle diameters away from the wall.
x
y
z
FIG. S1: Grand Canonical Monte Carlo simulation snapshot
showing a region of a Lennard-Jones liquid close to super-
solvophobic wall at z = 0. The wall itself is transparent and
particles are color coded according to their distance from the
wall, with purple closest to the wall and green furthest away.
A large correlation length parallel to the wall is manifest in
the form of flat fractal bubbles of vapor close to the wall, as
is best appreciated in the movie linked below.
Incorporating fluctuations into the binding potential
description
The classes of surface phase behavior predicted by our
direct minimization of the binding potential are based
on a MF analysis. Our microscopic DFT calculations
confirm these predictions but these are also MF. It is im-
portant to enquire how the predictions might be altered if
interfacial (thermal capillary wave) fluctuations were in-
corporated. This problem was addressed by Brezin et.al.
[44] in a renormalization-group (RG) treatment specifi-
cally for case c) : SR ff and wf interactions. Brezin et.al.
showed that in this case the upper critical dimension for
critical wetting (or drying) is dc = 3 and that several
of the critical exponents should depend on the dimen-
sionless parameter ω = (4piβγlvξ
2
b )
−1 that measures the
strength of the interfacial fluctuations. MF corresponds
to ω = 0, an infinitely stiff interface. Although early
simulation studies of Ising models [3, 4, 45] failed to find
the expected non-universal exponents, subsequent theo-
retical work employing non-local interfacial Hamiltoni-
ans provide a basis for understanding the discrepancies
[46, 47]. It is straightforward to extend the RG analysis
to case a) where critical drying occurs as w → 0 and this
was treated in Ref. [12]. One finds dc = 3 but the power-
law term in Eq. [5] is unrenormalized and the resulting
critical exponents are independent of ω and unchanged
from their MF values. Critical amplitudes are dependent
on ω [12]. In case d) there is no critical transition. Case
b): LR ff and wf interactions is special. The MF criti-
cal exponents depend explicitly on the power-law decay
and for the model described by Eq. [8] the upper critical
dimension for critical drying is dc = 11/5, e.g. [24, 27],
implying that interfacial fluctuations play no significant
role in a three dimensional system with LR potentials un-
dergoing such a transition. This observation is especially
important as it implies that MF binding potential treat-
ments and classical DFT approximations should capture
the correct critical exponents and drying point, given by
Eq. [9], for case b), the one most relevant to experiment.
Density functional theory calculations
Classical DFT is a general approach for tackling the
thermodynamic properties and structure of inhomoge-
neous fluids [48, 49]. This approach, which has its roots
[50, 51] in the theorems of Hohenberg-Kohn-Mermin, has
been applied successfully in many investigations of ad-
sorption, from both gaseous and liquid bulk states, at
model substrates. It has been especially powerful in iden-
tifying subtle surface phase transitions such as prewet-
ting and layering transition and in elucidating capillary
phenomena and phase transitions for fluids in confine-
ment e.g. [48]. Often predictions from DFT were verified
subsequently by simulation studies. DFT is particularly
well-suited to the present investigation since: i) unlike
simulations, it can easily incorporate LR ff (dispersion)
interactions, ii) minimization of a given grand potential
functional often enables direct and accurate location of
phase transitions and iii) the numerical implementation
allows one to determine the grand potential as a function
of an order parameter, namely the thickness l of a drying
(vapor) or wetting (liquid) layer [28], thereby providing a
powerful means of identifying the nature (critical or first
order) of surface transitions- crucial in the present study.
2Within classical DFT, the equilibrium one-body den-
sity profile ρ ≡ ρ(r) and all thermodynamic functions are
determined by minimizing the grand potential functional:
ΩV [ρ] = F [ρ] +
∫
ρ(r)(V (r)− µ)dr (S1)
for a fixed chemical potential µ and a given external
potential V (r). For a given ff potential the intrinsic
Helmholtz free energy functional F [ρ] is a unique func-
tional of ρ(r); it does not depend on the external po-
tential. The version of DFT we employ is one that has
been applied widely to adsorption problems, see e.g. [52]
and references therein, to complex problems such as wet-
ting hysteresis at substrates with nanodefects [53] and
to problems of bulk liquid structure e.g. [54]. F [ρ] is
approximated by a hard-sphere (HS) functional FHS[ρ],
modelling repulsive ff interactions and treated using
the accurate Rosenfeld HS fundamental measure theory
[55, 56], plus a standard mean-field (MF) treatment of
attractive ff interactions, i.e.
F [ρ] = FHS[ρ] +
1
2
∫ ∫
drdr′ρ(r)ρ(r′)φatt(|r− r′) (S2)
where the attractive part of the ff potential is taken to
be
φatt(r) =

−, r < rmin
4
[(
σ
r
)12 − (σr )6] , rmin < r < rc ,
0, r > rc,
(S3)
with rmin = 2
1/6σ. The MF approximation in Eq. [S2]
ignores any correlation contribution to the attractive por-
tion of F [ρ] induced by the ff interactions. For the case
of a bulk fluid of uniform density ρ Eq. [S2] yields a free
energy density that has the generalized van der Waals
form and, at first sight, this MF approximation might
appear to be somewhat crude. However, a recent study
[57] of pair correlation functions in the challenging case of
a one-dimensional system, using the test particle proce-
dure, showed that approximation Eq. [S2] performs much
better than one might (naively) expect. For fluids in
three dimensions the approximation should be even bet-
ter. For the wetting/drying problem that we consider
the external potential is W (z), given in Eq. (2), and
ρ(r) ≡ ρ(z). The approximate functional [S2] satisfies
two fundamental statistical mechanical sum rules: i) the
contact theorem linking the local density of the fluid at
contact with a planar hard-wall to p, the bulk pressure,
i.e. kBTρ(0
+) = p, and its generalization to wf poten-
tials of the form [2] and ii) the Gibbs adsorption relation
linking the derivative of the excess grand potential (sur-
face tension) w.r.t. µ to the excess number of particles
adsorbed at the wall. Moreover, the functional [S2] sat-
isfies identically a surface Maxwell relation and the sur-
face compressibility sum rule [12]. Having consistency
between different routes to thermodynamic quantities is
crucially important in the determination of phase equi-
libria; this is guaranteed using [S2].
Computer simulations
We employ Grand Canonical Ensemble (GCE) Monte
Carlo simulation of the LJ fluid with ff interactions of
the form Eq. [1] truncated at rc = 2.5σ. Within this
framework one prescribes the temperature T and chem-
ical potential µ, while the particle number N fluctuates.
The bulk liquid-vapor coexistence properties of this sys-
tem are well established [7].
For studies of wetting and drying, the fluid is confined
within a slit pore comprising two identical planar walls of
area (Lσ)2 separated by a distance Dσ, so that the vol-
ume is V = (Lσ)2Dσ . Periodic boundary conditions are
applied in the directions parallel to the planar walls. In
the direction perpendicular to the planar walls, a wf po-
tential of the form [2] is applied. We consider both the
LR case (when the full form of this potential is used)
and the SR case (when the wf interactions are truncated
beyond some range zc).
In order to study the dependence of cos(θ) on w for
some given T , we measure P (ρ) ie. the distribution of the
fluctuating number density ρ = N/V , for the slit system
under coexistence conditions µ = µco(T ). As detailed in
Ref. [12], provided −1 < cos(θ) < 1, this distribution
exhibits a double-peaked form, the low density peak cor-
responding to a wv interface and the higher density peak
to a wl interface. The ratio of peak heights in P (ρ) pro-
vides a direct estimate of the surface tension difference
γwv − γwl. Similar measurements of the peak to valley
ratio of P (ρ) for a fully periodic system provide an esti-
mate of the bulk surface tension γlv. Together these sur-
face tensions, when inserted into Young’s equation yield
cos(θ) for the prescribed w. We note that for critical
surface phase transitions, estimates of cos(θ) obtained in
this way are affected by systematic finite-size effects. To
correct for this, we employ finite-size scaling techniques
based on analysis of the L dependence of P (ρ). Doing so
allows accurate estimates of critical wetting and drying
points in the thermodynamic limit [12].
The drying point for LR ff and LR wf from DFT calculations
We can obtain more precise estimates of the drying
point within DFT by implementing the numerical proce-
dure [28] to measure the binding potential ωB(l). cos(θ)
is calculated from Eq. [10]. The results of Fig. S2 for
T = 1.25 show that the minimum in ωB(l) seems to dis-
appear close to the predicted critical value w = 0.1603.
In fact the depth of the minimum of ωB(l) as extracted
from DFT should decrease, at fixed temperature, as |t′|3
with t′ = (w − 2piρv(T )/3)σ3 as follows from Eq. [10].
Evidence for this scaling using the predicted value of the
critical drying point Eq. [9] is shown in Fig. S3. The
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FIG. S2: DFT results for the binding potential ωB(l) in the
vicinity of drying for case b): LR ff , LR wf . The temperature
is T = 1.25 = 0.883Tc. ωB(l) is shown for various w, confirm-
ing that the drying transition is critical and occurs close to the
theoretical prediction Eq. [9], w = (2pi/3)ρv(T )σ
3 = 0.1603.
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FIG. S3: Log-log plot of 1 + cos(θ) versus t′ = (w −
2piρv(T )/3)σ
3 at fixed T = 1.25 for various w as calculated
from DFT. Also shown for comparison is a cubic scaling plot
showing that the data close to criticality is compatible with
the prediction from the binding potential analysis.
earlier study [27] of critical drying at a lower temperature
T = 0.7Tc confirmed the prediction that the equilibrium
thickness of the vapor film layer grows as |t′|−1.
The ‘neutral line’
Fig. S4 shows how the ‘neutral’ line (corresponding
to the locus of wall strengths for which cos(θ) = 0 as
a function of temperature), and the first order wetting
line, merge at Tc for case a). This plot quantifies the
increasingly vertical form of the ‘hockey stick’ curves of
cos(θ) vs. w apparent in Fig. 3(a).
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FIG. S4: Surface phase diagram for case a) SR ff and LR wf ,
showing in addition to the line of wetting transitions cos(θ) =
1, the line corresponding to the ‘neutral’ wall strength for
which cos(θ) = 0. We note that these two lines merge at Tc at
a value of w ≈ 0.75, that is separated from the critical drying
line which remains at w = 0 for all T ≤ Tc (cf. Fig. 2(a)).
